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MICROMETERS  AND  MICROMETRIC  MEASURE¬ 
MENTS. 

BY  P.  H.  DUDLEY,  C.E.,  PH.D. 

{Read  December  17th ,  i8g7.) 

Some  remarks  on  micrometers  and  micrometric  measure¬ 
ments  are  of  the  objects  in  continuing  my  brief  paper  on  the 
Bausch  &  Lomb  Filar  Micrometer,  published  in  the  issue  of 
April,  1897,  of  this  Journal.  I  desire  to  call  attention  to  the 
fact  that  while  we  have  insisted  that  modern  filar  micrometers 
must  be  instruments  of  precision,  we  have  not  given  requisite 
attention  to  having  them  provided  with  means  for  rapidly 
reading  the  revolutions  of  the  micrometer  screw. 

In  the  seventh  edition  of  Dr.  Carpenter’s  work  on  the 
Microscope,  no  mention  is  made  of  any  other  method  of  ascer¬ 
taining  the  revolutions  of  the  micrometer  screw  than  that  of 
counting  the  number  of  teeth  in  the  comb  passed  by  the  mov¬ 
able  wire.  The  comb  shown,  however,  has  each  fifth  tooth 
designated,  which,  of  course,  facilitates  the  counting.  The 
combs  of  some  recent  micrometers  do  not  even  have  the  fifth 
tooth  designated.  When  measurements  of  portions  of  the  same 
object  are  less  than  one  revolution  of  the  screw  falling  between 
the  divisions  on  the  drum,  then  one  counting  of  the  comb 
answers  for  several  measurements,  excepting  as  an  occasional 
count  is  made  for  checking  the  first  reading.  When  the 
measurements  cover  a  wide  range  of  revolutions  of  the  screw,  be¬ 
side  the  divisions  on  the  drum,  then  counting  the  comb  not  only 
takes  a  great  deal  of  time,  but  is  very  fatiguing  to  the  eye  and 
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person.  The  time  employed  in  counting  is  less,  of  course, 
when  each  fifth  tooth  is  designated,  but  even  then  it  is  much 
greater  than  ought  to  be  given  to  that  feature  of  the  work, 
A  drum  outside  of  the  case,  carrying  plain  figures,  should  give 
the  revolutions  of  the  screw. 

In  measuring  the  spaces  on  slides,  made  by  my  Stremmato- 
graph,  showing  the  elongation  and  compression  of  the  metal 
in  five  inches  length  of  a  rail  under  moving  trains,  I  found 
that  more  than  one-half  of  my  time  was  consumed  in  counting 
the  comb.  The  difficulties  of  the  counting  were  increased  by 
the  fact  that  the  lines  and  spaces  were  not  illuminated  alike, 
the  teeth  of  the  comb  being  very  indistinct  and  confused  on 
portions  of  the  slide,  particularly  when  the  vertical  illuminator 
was  used,  the  lines  being  dark  in  contrast  with  the  brighter 
portions  of  the  slides  of  bronze.  Over  the  dark  lines  the  teeth 
of  the  comb  were  very  indistinct.  A  number  of  metals  and 
bronzes  have  been  tried  for  these  slides,  but  one  which  will 
rule  well,  remain  untarnished,  and  show  satisfactorily  under  the 
micrometer,  is  yet  to  be  obtained. 

As  a  temporary  expedient  to  facilitate  the  counting  I  at¬ 
tached  a  small  silk  cord  to  the  stem  of  the  thumbscrew  of  the 
drum,  and  a  small  weight  to  the  free  end  of  this  cord.  To  the 
body  of  the  microscope  I  attached  a  small  scale,  divided  into 
spaces  showing  each  revolution  of  the  screw.  This  does  very 
well  when  the  body  of  the  microscope  is  vertical,  as  the  axis 
of  the  micrometer  screw  can  be  placed  in  any  position  with 
reference  to  the  object  on  the  stage.  When  the  body  of  the 
microscope  is  inclined,  the  axis  of  the  micrometer  screw  must 
be  parallel  with  the  horizontal  axis  of  the  stage,  in  order  that 
the  cord  and  weight  may  follow  the  scale.  In  measuring  the 
irregular  spaces  on  a  slide,  or  any  other  object,  where  the  axis 
of  the  micrometer  screw  can  not  be  turned  as  stated,  the  comb 
must  still  be  counted  for  many  measurements.  An  index  for 
the  revolutions  of  the  screw  should  be  available,  in  whatever 
position  the  axis  of  the  micrometer  screw  may  be  turned  in 
reference  to  the  stage.  In  the  Leitz  Filar  Micrometer,  ex¬ 
hibited  by  Mr.  Charles  S.  Shultz,*  there  is  an  index  moving 


*  See  this  Journal,  xiii.,  48  (April,  1897). 
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over  a  scale,  which  indicates  the  revolutions  of  the  micrometer 
screw,  instead  of  the  usual  internal  comb.  Mr.  Shultz  kindly 
loaned  me  the  micrometer,  which  I  found  to  be  an  instrument 
of  precision,  the  screw  being  well  made,  the  mechanism  allow¬ 
ing  the  readings  and  measurements  to  be  made  with  compara¬ 
tive  rapidity. 

In  the  Zeiss  Micrometer — a  cut  of  the  latest  construction 
being  herewith  shown  (Plate  65,  Fig.  3) — complete  revolutions 
of  the  drum  are  counted  by  means  of  a  figured  scale  in  the 
field.  The  micrometer  also  is  fitted  with  a  compensating  eye¬ 
piece,  in  lieu  of  the  Ramsden  eye-piece,  for  use  with  apochro- 
matic  lenses  when  desired.  For  micrometers  which  are  to  be 
used  several  hours  per  day,  an  auxiliary  drum  or  disc  should 
be  added  to  the  ordinary  micrometer,  which  should  give  the 
revolutions  of  the  Screw  as  a  whole  number,  and  the  ordinary 
graduated  drum  should  give  the  desired  parts  of  a  revolution, 
reading  direct  to  two  decimal  places.  The  third  place  could 
be  obtained  by  estimating  the  tenths  of  a  space.  A  vernier 
also  could  be  added  for  this  third  figure  if  desired.  The  value 
of  a  space  in  microns  of  the  drum  depends  upon  the  degree  of 
amplification  under  each  objective  and  the  length  of  tube. 

When  a  great  many  measurements  are  to  be  made,  the  time 
and  energy  of  the  observer  should  be  considered,  if  tolerable 
results  of  precision  are  to  be  obtained.  On  work  of  precision 
in  many  cases — as,  for  instance,  in  measuring  stellar  photo¬ 
graphs — two  observers  are  erhployed.  One  observes  for  a 
period  of  15  to  30  minutes  while  the  other  records  the  figures 
of  the  measurements;  then  he,  who  has  recorded,  repeats  the 
observations  of  the  same  measurements,  which  are  recorded  by 
the  first  observer,  the  day’s  work  being  limited  to  three  or 
four  hours.  Even  with  all  these  precautions  errors  due  to 
fatigue  of  the  observer’s  eyes  are  of  considerable  moment. 
Astronomers  who  make  extensive  use  of  micrometers  prefer 
those  in  which  the  revolutions  of  the  screw  are  read  from  an 
auxiliary  drum,  particularly  is  this  the  case  in  the  instruments 
employed  for  measuring  stellar  photographs.  The  Repsold 
instrument  employed  in  delicate  work,  made  for  Columbia 
University — in  fact  under  the  directions  of  Professors  Rees 
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and  Jacoby — have  all  the  reading  microscopes  so  equipped. 
The  drum,  giving  the  revolutions  of  the  screw,  revolves  in  the 
opposite  direction  from  that  of  the  drum  giving  the  decimal 
parts  of  a  revolution,  the  index  being  between  the  two  drums. 
The  eye-piece  of  the  micrometer,  and  the  objective  are  espe¬ 
cially  made  for  each  reading  microscope,  and,  after  adjustment, 
they  have  a  fixed  amplification  and  constant  value  for  each 
space  on  the  drum.  In  the  reading  microscopes,  which  are 
used  for  measuring  the  co-ordinates  of  the  stars  by  comparing 
these  with  the  fixed  scales,  the  micrometer  screws  require  two 
revolutions  to  move  the  crosswire  one  millimetre,  or  1,000 
microns.  The  drum  indicating  parts  of  a  revolution  of  the 
screw  is  read  to  four  decimal  places,  the  value  of  a  unit  in  the 
fourth  decimal  place  being  one-twentieth  of  a  micron,  or  0.0005 
of  a  millimetre.  This  is  closer  than  direct  measurements  of 
precision  can  be  made,  but  the  readings  contribute  to  greater 
accuracy  than  could  be  obtained  with  reading  only  to  three 
decimal  places. 

Another  set  of  reading  microscopes  with  higher  amplifica¬ 
tion  is  provided,  for  determining  the  errors  of  the  scales  on 
the  measuring  instrument.  The  investigations  of  the  errors  of 
the  scales,  however,  were  made  with  the  same  reading  micro¬ 
scopes  which  were  used  for  measuring  the  stars,  as  the  errors 
determined  by  the  higher  amplification  did  not  agree  with 
those  determined  by  the  lower  amplification  in  the  preliminary 
trials.  The  reading  microscopes  are  mounted  in  trunions  on 
a  heavy  slide,  so  that  a  very  slight  turning  of  the  microscope 
in  its  trunions  permits  the  position  of  the  star  to  be  adapted 
to  the  scales  so  that  the  co-ordinates  may  be  measured.  The 
mountings  are  very  massive  and  without  tremor,  and  hence 
measurements  of  greater  precision  are  possible  than  can  be 
obtained  on  the  ordinary  microscope  stand.  With  the  use  of 
the  latter  a  limit  within  one  micron  is  considered  a  high  degree 
of  precision. 

The  crosswires  in  the  micrometers  are  bifilar,  and  instead 
of  attempting  to  bisect  the  photograph  of  a  star  or  the  division 
of  a  scale,  one  looks  between  wires  and  sees  the  impression 
of  the  star,  or  scale,  with  greater  precision  than  would  be 
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possible  in  attempting  to  bisect  either  object.  In  making 
photographic  trial  plates  of  circumpolar  stars  the  telescope  is 
uncapped  only  a  sufficient  time  to  receive  the  impression  of 
the  star  as  a  dot,  as  this  can  be  bisected  with  greater  accuracy 
than  a  line. 

The  Repsold  instrument  is  made  for  micrometric  measure¬ 
ments  of  great  precision.  Extracts  were  read  from  a  descrip¬ 
tion  of  it  and  of  some  of  its  work  by  Professor  Harold  Jacoby, 
of  Columbia  University,  as  published  in  the  Annals  of  the  New 
York  Academy  of  Sciences  for  January,  1897. 

The  measurement  of  fine  engine  rulings  on  metallic  surfaces 
is  facilitated  by  the  use  of  vertical  illuminators,  or  illumina¬ 
ting  objectives,  the  latter  being  one  of  the  specialties  of  the 
Bausch  &  Lomb  Optical  Company.  Professor  William  Rogers 
has  used  these  extensively  in  his  work  on  comparisons  of 
standards  of  measures,  and  also  in  his  valuable  work  on  the 
preparation  of  such  standards.  I  have  been  informed  that 
Tolies,  at  the  suggestion  and  urgent  request  of  Professor 
Rogers,  made  the  first  illuminating  objective  for  Professor 
Rogers’  work  of  comparing  the  United  States  standard  yard 
with  the  British  yard  and  the  French  metre.  We  have  no 
standard  foot  or  inch,  excepting  as  they  are  subdivisions  of 
the  standard  yard,  and  the  amount  of  micrometric  measure¬ 
ments  made  to  obtain  accurate  subdivisions  has  been  very 
great. 

I  have  on  my  stand  one  of  the  recent  Zeiss  vertical  illumi¬ 
nators,  which  can  be  used  with  different  powers,  and  is  very 
largely  employed  in  studying  polished  and  etched  surfaces  of 
metallic  substances.  It  is  also  used  for  micrometric  measures 
on  standards  of  comparison,  and  is  a  very  valuable  piece  of 
accessory  apparatus.*  On  rulings  made  under  great  tremors, 
vibrations,  lack  of  homogeneity  of  the  metal,  and  lack  of  a 


*  I  have  had  a  reproduction  made  of  the  cut  and  description  of  the  vertical 
illuminator  from  Zeiss’  Catalogue  of  1895.  (Plate  65,  Pig-  4)-  Rs  cost  is 
about  $7.00.  When  I  read  my  paper  the  other  evening  I  was  not  aware  of  Mr. 
William  Forgan’s  article  on  “The  Vertical  Illuminator’’ — see  this  Journal, 
xiii. ,  90  (October,  1897).  I  trust  the  accompanying  cut  and  description  will 
serve  to  make  known  its  great  utility  and  value. 
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perfect  surface — all  of  which  tend  to  produce  a  varying  width 
and  depth  of  the  line,  and  in  which  the  mean  width  of  the  line 
is  not  necessarily  the  correct  measure — the  vertical  illumi¬ 
nator  does  not,  of  course,  give  as  precise  measurements  as  do 
observations  by  reflected  light,  by  which  a  definite  point  of 
the  scriber  may  be  traced.  Where  the  lines  are  clean  cut  and 
of  uniform  width,  the  vertical  illuminator  gives  the  greater 
precision. 

Under  the  microscopes  I  have  two  of  many  plates  which 
have  been  ruled,  figuratively  speaking,  by  a  moving  train,  to 
ascertain  the  stresses  produced  thereby  in  the  rails.  Of  choice 
no  one  would  place  a  dividing  engine  anywhere  near  the  jar 
of  railroad  trains  and  expect  to  obtain  fine  rulings.  But  in 
this  case  the  object  is  to  discover  what  stresses  the  train  pro¬ 
duces  in  the  rails,  and  delicate  rulings  are  not  expected  under 
the  action  of  fast  trains.  It  is  not  my  intention  tonight  to 
occupy  your  time  with  the  many  problems  involved  in  such 
work,  but  only  to  say,  from  this  method  of  ruling,  which  at 
first  sight  of  the  slides  may  seem  to  you  chaotic,  it  is  quite 
possible  to  obtain  fairly  accurate  micrometric  measures  which 
furnish  information  never  before  obtainable. 

Description  of  Plate  65. 

Fig.  1.  The  filar  micrometer  of  Troughton,  with  two  read¬ 
ing  drums,  mentioned  in  my  first  paper.  It  is  a  very  old  con¬ 
struction.  It  consists  of  a  rectangular  box,  3  inches  long, 
1  inch  broad,  and  %  inch  thick,  with  graduated  drums  at  each 
extremity,  a,  a,  a,  a,  are  the  sides  of  the  box  seen  edgewise, 
b,  b,  b,  c,  c,  c,  are  the  forks  of  brass,  which  slide  one  within 
the  other  in  opposite  directions,  and  across  them  are  stretched 
the  spider  lines,  d,  c.  f,  f,  are  fine  screws  attached  to  the 
forks,  passing  through  the  ends  of  the  box  into  the  milled 
heads,  g,  g,  with  each  of  which  is  connected  a  small  graduated 
circle,  or  drum.  The  springs,  h,  h,  press  the  forks  inward 
and  prevent  lost  motion  of  the  screws.  The  comb  has  each 
fifth  tooth  designated,  and  each  tenth  tooth  is  numbered — 
one  minute  hole  for  10,  two  holes  for  20,  and  three  for  30 — 
which  facilitates  the  reading  of  the  screw.  This  is  better  than 
the  work  of  some  modern  makers. 
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While  Troughton’s  early  micrometer  contained  all  the  essen¬ 
tial  principles  of  the  present  reference  line  micrometers,  the 
construction  has  been  modified  so  that  the  micrometer  head 
and  screw  act  as  one  piece,  in  operation  revolving  together. 
The  forks  carrying  the  wires  are  tapped,  forming  nuts  for  the 
screws,  the  forks  working  against  springs.  The  tension,  or 
compression,  of  these  springs  is,  of  course,  not  constant,  and, 
while  intended  for  the  purpose  of  taking  up  lost  motion  and 
avoiding  error,  does  not  remove  all  sources  of  error.  When 
the  tension  of  the  spring  is  greatest  the  film  of  oil  between 
the  screw  threads  will  be  thinnest,  and  when  ttm  tension  is 
less  the  film  of  oil  will  be  thicker.  The  thickness  of  this  film 
of  oil  will  not  be  a  constant,  but  will  vary  with  temperature, 
the  kind  of  oil,  and  whether  one  is  just  commencing  to  use 
the  micrometer,  or  has  used  it  for  some  time.  The  screw 
should  be  revolved  back  and  forth  a  few  times  before  meas¬ 
ures  for  precision  are  made. 

Fig.  2.  One  of  the  reading  microscopes  for  the  graduated 
circle  of  my  altitude  and  azimuth  instrument,  made  by 
Troughton  and  Simms  many  years  since.  The  crossed  wires 
facilitate  the  bisection  of  a  division  on  the  circle.  This  form 
is  in  quite  general  use  at  present,  the  vertical  wire  being 
omitted. 

Fig.  3.  Zeiss  eye-piece  micrometer. 

Fig.  4.  Zeiss  vertical  illuminator.  “This  serves  to  illumi¬ 
nate  opaque  objects  from  above,  and  is  in  the  form  of  an 
adapter  inserted  between  the  tube  and  the  objective.  The 
light  enters  through  a  lateral  opening  in  the  revolving  sleeve 
R  and  passes  through  the  reflecting  prism  P,  which  covers  half 
of  the  aperture  of  the  objective.  The  rays  are  totally  reflected 
by  the  prism  and  are  concentrated  upon  the  object  by  the  cor¬ 
responding  half  of  the  objective.  The  diffuse  rays  reflected 
by  the  object  are  united  by  the  other  half  of  the  objective  and 
made  to  form  an  image  of  the  object,  which  is  observed  in  the 
usual  manner. 

“To  obtain  the  proper  incidence  of  the  rays  the  fitting 
carrying  the  prism  (together  with  the  objective)  is  made  to 
rotate  about  the  optical  axis.  The  reflecting  prism  P  may, 


8 


JOURNAL  OF  THE 


[January, 


within  certain  limits,  be  inclined  about  an  axis  parallel  to  its 
edges  by  means  of  the  milled  head  K.  The  approximate  posi¬ 
tion  of  the  prism  with  respect  to  the  source  of  light  should, 
of  course,  be  obtained  by  proper  inclination  of  the  stand,  or 
by  adjusting  the  height  of  the  lamp.” 


1898.  ] 
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AN  INTERESTING  MICROSCOPE. 

BY  DR.  ALFRED  C.  STOKES. 

{Read  January  21s t,  i8g8.) 

A  microscope  which  has  recently  come  into  my  temporary 
possession  is  so  peculiar  in  some  of  its  features,  so  nearly 
unique  in  some  other  of  its  characters,  and  so  interesting  as 
a  product  of  the  “  Centennial  Year,”  that  it  seems  worth  de¬ 
scribing  in  some  detail.  Twenty  years  ago  its  manufacturer 
had  a  good  and  growing  reputation  as  an  optician,  and  espe¬ 
cially  as  an  ingenious  and  accomplished  mechanician,  but  soon 
after  this  particular  instrument  was  made,  he  apparently  aban¬ 
doned  the  pursuits  of  the  optician,  and  consequently  passed 
from  microscopists'  notice.  At  the  present  time  he  is  never 
heard  of  when  microscopists  meet,  and  seldom  mentioned  in 
microscopical  literature,  yet  when  the  history  of  American  mi¬ 
croscopy  is  written  he  must  receive  a  place  in  the  list  of 
American  makers,  although  his  niche  will  probably  not  be  a 
prominent  one. 

This  special  instrument  was  made  to  the  order  of  a  some¬ 
what  noted  naturalist  and  microscopist  who  has  been  dead  for 
several  years,  and  since  it  was  intended  as  a  present  to  a  public 
man  locally  prominent,  it  probably  represents  the  construction 
and  the  arrangements  most  approved  by  the  microscopist  at 
the  time,  as  well  as  the  best  and  most  advanced  work  of  the 
ingenious  manufacturer  and  optician.  But  the  stand  has  not 
a  single  convenience,  not  a  single  one  of  those  things,  appar¬ 
ently  small  but  actually  of  the  greatest  importance,  which 
add  so  much  to  the  pleasure  of  using  an  instrument,  to  say 
nothing  of  the  excellence  of  the  resultant  work  which  must 
naturally  be  enhanced  by  the  microscopist’s  comfort,  and 
especially  by  that  absence  of  all  attention  so  annoyingly  de¬ 
manded  by  mechanical  defects  in  a  microscope.  In  this  case, 
certain  movements  of  the  mirror  actually  displace  the  stand 
from  its  position  on  the  table,  and  the  slightest  accidental  blow 
overturns  it  sidewise.  The  novice  who  has  never  seen  any 
other  instrument  might  be  disposed  to  felicitate  himself  on 
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the  acquisition  of  this,  but  to  an  experienced  microscopist  it 
must  seem  only  a  delusion  and  a  dangerous  snare,  although  it 
is  probably  one  of  the  most  interesting  American  productions 
of  the  kind  that  can  come  to  his  notice. 

The  stand  is  built  on  the  inclinable  continental  plan,  with 
the  three  toes  of  the  obnoxious  horseshoe-shaped  foot  shod 
with  cork,  and  the  short  body-tube  extensible  by  a  draw-tube 
to  a  length  of  nine  inches.  The  two  mirrors  are  one  and  three- 
quarter  inches  in  diameter,  the  focus  of  the  concave  side  being 
about  two  inches.  The  mirror-bar  is  pivoted  below  the  level 
of  the  stage  and  swings  to  either  side,  the  mirror-box  itself  of 
course  being  movable  in  any  direction. 

The  stage  is  Zentmayer’s  glass  plate  resting  on  a  metal 
plate,  and  projecting,  when  centrally  placed,  three-quarters  of 
an  inch  on  each  side,  so  that  the  least  movement,  the  slight¬ 
est  accidental  touch  will  make  the  object  jump  out  of  sight. 
With  the  one-fifth  inch  objective  which  accompanies  the  stand, 
and  is  adjustable  but  only  one  inch  long  when  screwed  home, 
the  microscopist’s  experience  when  trying  to  adjust  the  lens 
may  perhaps  be  imagined;  its  description  is  beyond  my  feeble 
powers. 

The  brass  stage-plate  is  pierced  by  a  large  central  opening 
into  which  is  fitted  the  light-modifier.  This  is  patented,  al¬ 
though  the  legend  “  Patented,  June  6,  1876,”  would  lead  to  the 
supposition  that  the  claim  covers  the  entire  instrument,  but  as 
the  stamp  is  on  the  stage-plate  that  may  not  be  the  intention. 

This  light-modifier  has  therefore  never  been  used  by  any 
other  maker.  In  its  day,  before  the  common  employment  of 
the  indispensable  condenser,  it  must  have  been  a  useful  device, 
affecting  the  illumination  with  almost  the  optional  deliberate¬ 
ness  of  the  iris  diaphragm,  of  which  it  appears  to  be  an  ingenious 
modification.  It  consists  of  a  series  of  thin  brass  leaves  so 
arranged  in  a  low  dome  at  the  level  of  the  stage-plate,  or  some¬ 
what  above  it,  that  by  turning  a  coarsely  threaded  screw  the 
slightly  overlapping  plates  are  gradually  forced  together  or  as 
gradually  released,  thus  changing  the  size  of  the  opening,  and 
modifying  the  amount  of  light  at  the  microscopist’s  will;  but 
the  apparatus  projects  three-quarters  of  an  inch  below  the  stage- 
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plate,  leaving  exactly  one  inch  between  it  and  the  mirror  for 
the  necessary  manipulations  by  the  microscopist’s  fingers. 
There  is  no  provision  for  any  other  stage  appliance. 

The  opening  in  the  diaphragm-dome  is  one-fifth  inch  wide, 
and  the  entire  apparatus  is  supposed  to  be  capable  of  centring 
by  two  screws  in  the  stage-plate  acting  against  the  pressure  of 
a  spring-bolt  at  the  rear.  This  centring  may  have  been  accom¬ 
plished  when  the  instrument  was  new,  twenty  years  ago,  but 
at  present  when  so  adjusted,  the  first  rotation  of  the  diaphragm 
screw  destroys  it  all,  and  the  observer  not  only  reduces  the 
intensity  of  his  illumination,  but  involuntarily  makes  the  light 
oblique.  The  entire  diaphragm  is  removable  for  illumination 
of  voluntary  obliquity. 

When  the  draw-tube  is  extended  and  the  body  placed  hori¬ 
zontal,  the  instrument  without  the  slightest  delay  falls  over 
backward,  with  all  its  cork-soled  toes  helpless  in  the  air;  and 
when  the  draw-tube  is  pushed  in,  the  unhappy,  horizontal 
creature  exhibits  the  sole  of  its  foot  to  the  astonished  micro- 
scopist,  for  again  it  immediately  tumbles  over  backward.  It 
is  only  when  the  eye-piece  is  elevated  eight  inches  from  the  table 
that  the  instrument  will  remain  upright,  and  even  then  its 
stability  has  an  uncertain  tenure,  for  the  two  front  toes  are  un¬ 
easy,  and  the  microscope  displays  an  almost  irresistible  desire 
to  prance  on  its  rear  cork. 

Two  eye-pieces  accompany  the  stand,  and  each  has  its 
magnifying  power,  six  and  ten  respectively,  stamped  on  the 
brass  mounting,  an  arrangement  that  cannot  be  two  highly 
nor  too  cordially  commended.  It  is  used  by  Messrs.  Powell 
&  Lealand,  by  the  late  W.  H.  Bulloch,  and  by  some  other 
opticians.  It  should  be  adopted  by  all.  It  is  one  of  the  great¬ 
est  small  conveniences  which  they  can  give  the  microscopist. 

But  the  most  interesting  features  are  the  course  and  the  fine 
adjustments.  The  special  method  here  adopted  may  have  been 
used  before,  but  if  it  has  I  have  not  been  able  to  find  it  noted 
in  any  of  the  microscopical  literature  at  my  command.  It  is 
not  mentioned  in  the  pretty  full  collection  of  such  things  in 
the  late  Mr.  John  Mayall’s  Cantor  Lectures,  where  it  might 
justly  be  looked  for,  and  if  the  description  is  to  be  found  else- 
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where  I  have  failed  to  discover  it.  My  impression  is  that  the 
arrangement  is  unique,  and  original  with  the  optician  who 
made  the  stand. 

The  slow  adjustment  is  accomplished  by  a  fine-threaded 
screw  with  a  large  head  placed  under  the  arm,  between  the 
body-tube  and  the  pillar.  The  course  adjustment  is  by  two 
milled  heads  actuating  a  shaft,  for  there  is,  in  the  proper 
meaning  of  the  word,  no  pinion,  as  the  shaft  has  no  gearing, 
which,  if  it  existed  would  be  useless,  for  there  is  no  rack. 
The  body  is  raised  and  lowered  by  a  chain.  An  apparently 
delicate  metal  cable,  of  beautiful  workmanship,  is  attached  to 
each  end  of  the  slide  behind  the  body-tube,  and  wound  once 
around  the  polygonal  middle  of  the  pinion-shaft.  The  action 
needs  no  further  description,  for  it  is  plain  that  as  the  milled 
heads  are  turned,  this  simple  but  most  undesirable  device  pro¬ 
duces  the  rapid  movements  desired.  The  lower  end  of  the 
chain  is  fastened  to  the  slide  by  a  catch  and  pin,  but  at  the 
upper  terminates  in  a  hook  thrust  into  a  spiral  spring  sunk  out 
of  sight  within  a  slot  in  the  brass,  where  by  its  strong  up¬ 
ward  recoil,  it  holds  the  links  always  taut.  To  make  this 
beautiful  cable  and  to  apply  it,  must  have  cost  much  time  and 
labor,  and  have  added  greately  to  the  cost  of  the  instrument. 

Each  link  is  inch  long  by  ^  inch  wide,  riveted  at  both 
ends  to  an  external  plate  of  the  same  form  and  size,  one  on 
each  side,  and  only  about  y-J-g-  inch  thick,  the  entire  thickness 
of  the  chain  being  about  inch.  To  repair  a  break  in  this 
rather  complex  cable  would  call  for  the  minute  rivets,  the 
little  side-plates  of  exactly  the  original  form  and  dimen¬ 
sions,  but  especially  for  the  skill  of  an  expert  watchmaker  to 
put  them  together. 

This  chain  is  in  constant  use,  not  only  for  the  rapid  adjust¬ 
ment  but  for  the  slow,  as  by  its  means  the  fine-adjustment 
screw  lifts  the  entire  body,  with  its  rapid-adjustment  mechan¬ 
ism.  A  long  lever,  pivoted  at  its  extreme  posterior  end  within 
the  pillar,  bears  at  its  anterior  extremity  two  widely  sepa¬ 
rated  arms,  each  pierced  by  an  opening  through  which  the 
pinion-shaft  of  the  coarse  adjustment  passes.  The  fine-adjust¬ 
ment  screw  forces  the  lever  upward  against  the  downward 
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pressure  of  a  strong  spiral  spring  within  the  microscope  arm, 
and  the  two  forks  lift  the  pinion-shaft,  which  in  turn  pulls  on 
the  chain  and  thus  raises  the  entire  body  with  the  burden  of 
all  the  movable  parts  above  the  stage. 

The  microscope  has  been  in  existence  for  twenty-one  years, 
and  has  apparently  been  maltreated,  yet  it  appears  not  to  have 
been  much  used.  At  that,  however,  ham  not  surprised,  for  I 
cannot  believe  that  a  being  any  less  than  superhuman  would 
be  willing,  or  even  able,  to  use  it  for  any  length  of  time. 

To  extend  the  draw-tube,  one  hand  must  pull  while  the 
other  firmly  holds  the  body  in  place,  otherwise  the  body-tube 
rushes  up  until  the  spiral  spring  of  the  fine  adjustment  moment¬ 
arily  checks  it,  after  which  it  is  carried  to  its  extreme  upward 
point  with  a  shock,  to  drop  back  against  the  fine-adjustment 
screw  under  all  the  forceful  recoil  of  that  spiral  spring.  Many 
repetitions  of  such  a  performance  would  incur  a  penalty 
readily  anticipated.  But  we  must  give  the  optician  credit  by 
believing  that  he  intended  the  body-tube  to  be  rarely  length¬ 
ened,  and  the  instrument  to  be  employed  in  the  upright 
position,  with  the  continental  tube-length. 

It  is  similarly  entertaining  to  push  the  draw-tube  in.  The 
stage  must  first  be  looked  after,  and  carefully  placed  with  its 
opening  exactly  in  the  centre  of  the  stage-plate;  if  this  is  not 
done,  and  the  body-tube  is  not  held  firmly  enough  with  one 
hand  while  the  other  pushes  the  draw-tube,  the  entire  body  will 
leap  down  and  crash  against  the  glass,  with  perhaps  disastrous 
results.  Indeed,  the  Zentmayer  stage  is  now  broken,  I  sup¬ 
pose,  by  exactly  this  interesting  trait  of  the  amusing  instru¬ 
ment.  A  glass  stage-plate  if  broken  may  be  replaced  for  a 
few  dollars;  but  if  that  adjustment-chain  should  part  under 
all  this  stress  of  pushing  and  hauling,  could  any  one  but  its 
manufacturer  mend  and  reapply  it?  The  amateur  micro- 
scopist  could  not;  he  cannot  even  remove  the  body  from 
its  fitting.  Yet  if  by  any  possibility  he  should  succeed  in 
that,  he  would  have  my  sympathy  when  he  attempted  to 
replace  it,  with  its  chain  and  its  fine-adjustment  mechanism, 
for  every  bit  of  internal  machinery,  and  there  is  not  a  little 
of  it,  must  come  out  when  the  body  comes  off. 
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The  instrument  is  accompanied  by  three  objectives  by 
George  Wale.  These  are  marked  by  their  magnifying  power 
without  the  eye-piece,  the  figures  being  stamped  on  the  mount¬ 
ing  of  the  lenses  and  on  the  box-covers.  In  this  the  optician 
was  ahead  of  his  time,  and  of  ours,  too.  These  are  the  only 
objectives  which  I  have  ever  seen  thus  marked,  and  while  the 
purpose  is  commendable,  it  is  misleading,  at  least  temporarily, 
unless  the  optician  furnished  the  novice  with  a  key  to  the  puz¬ 
zle.  But  Mr.  Wale  may  have  explained  to  the  purchaser  that 
“  io  ”  means  that  the  one-inch  objective  has  a  power  of  ten 
without  the  eye-piece;  that  “  24”  represents  his  half-inch  ob¬ 
jective,  and  “50  ”  his  one-fifth  inch.  Has  this  method  ever 
been  used  by  any  other  optician? 

The  aperture  of  the  one-inch  and  of  the  one-fifth  is  moder¬ 
ate,  that  of  the  one-inch  being  about  180,  and  of  the  one-fifth 
abouth  1  oo°,  but  they  are  good  lenses  and  worthy  of  commend¬ 
ation.  The  one-fifth  is  adjustable  by  the  back  lens,  and 
resolves  fifteen  of  the  twenty  diatoms  on  Thum’s  test-plate. 
Its  working-distance  is  long,  and  notwithstanding  its  peculiarly 
short  mounting,  which  makes  it  rather  inconvenient  to  manip¬ 
ulate  and  to  adjust,  it  is  a  good  and  useful  objective,  and  in 
its  day  must  have  been  considered  pretty  nearly  high-grade 
optical  work.  Even  now,  for  a  lens  of  its  aperture,  it  is  not 
to  be  despised.  But  in  the  last  twenty  years  the  standard  of 
excellence  has  risen. 

The  “24”  or  half-inch,  is  the  gem  of  the  collection  and 
rather  a  remarkable  objective.  When  screwed  home  its  length 
is  only  eleven-sixteenths  inch,  this  making  it  exceedingly 
awkward  to  handle.  The  angular  aperture  is  not  engraved 
on  any  of  the  objectives,  but  the  half-inch  has  an  aperture  of 
70°,  and  resolves  Pleurosigma  angulatum  with  ease,  doing  it 
moderately  well.  It  will  indeed  resolve  Nitzschia  sigma ,  which 
Thum  makes  number  eleven  of  his  test-plate,  although  it  is 
but  little  more  difficult  than  PL  angulatum ,  his  number  ten. 

But  the  interest  does  not  centre  in  the  objectives.  The 
microscopical  reader  will  probably  acknowledge  that  that, 
even  by  my  inadequate  description,  is  in  the  instrument  itself, 
which  in  some  of  its  appointments  seems  unique.  That  its 
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fate  has  not  carried  the  stand  to  a  museum  of  microscopical 
antiquities  is  a  pity,  for  there  it  might  be  preserved  as  an 
important  relic.  Where  it  now  is  it  will  be  put  to  some  labor, 
although  temporarily  and  at  long  intervals. 

The  workmanship  is  excellent  indeed.  The  modification 
of  the  iris  diaphragm  especially  would  receive  the  warmest 
commendation  of  an  expert  machinist;  but  the  microscope  is 
from  top  to  cork  toes  built  on  the  wrong  principles,  ingenious 
and  beautiful  as  some  of  its  devices  and  characteristics  are. 
I  have  attempted  to  find  its  maker,  to  learn  if  he  still  lives 
and  where,  but  in  vain.  Some  of  my  letters  remain  unan¬ 
swered;  others  fail  to  reach  their  personal  destination,  while 
one  correspondent  tells  me  to  “Ask  the  Postmaster,”  advice 
which  may  be  good,  but  which  I  somehow  scarcely  feel  like 
accepting. 
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FORAMINIFERA  FOUND  IN  THE  BORINGS  FROM 
ARTESIAN  WELLS  LOCATED  IN  NEW 
JERSEY  AND  ALABAMA. 

BY  ANTHONY  WOODWARD,  PH.  D. 

(Read  January  7,  1898.) 

Mr.  Lewis  Woolman,  in  a  very  interesting  paper  on  the 
“  Artesian  Wells  in  Southern  New  Jersey,  ”  says :  “  At  various 
depths  within  the  775  feet  of  Miocene  strata,  now  being 
described,  Foraminifera  were  observed  by  the  writer  while 
making  microscopical  examinations  of  the  borings.  A  careful 
listing  of  the  various  species  found  in  these  wells  was  not 
made.  ”  * 

This  is  the  explanation:  On  account  of  illness  I  was  not 
able  to  complete  the  list  in  time,  as  requested  by  Mr.  Wool- 
man,  he  having  kindly  turned  over  to  me  the  material  from 
several  wells  for  examination.  I  now  give  a  list  of  the  Fora¬ 
minifera  found  therein,  with  the  addition  of  those  from  one 
well  located  at  Mobile. 

Artesian  Well,  Atlantic  City,  New  Jersey. 

Anomalina  ammonoides ,  Reuss,  Sp.  At  94,672,  1200  ft. 

“  ariminensis ,  d’Orbigny,  Sp.  674,  1200  ft. 

“  grosserugosa,  Gumbel,  Sp.  1200  ft. 

Bolivina  hanktkeniana ,  Brady.  427,  670  ft. 
u  punctata ,  d’Orbigny.  670,  1200  ft. 

“  textilarioides ,  Reuss.  670  ft. 

Bulimina  elongata ,  d’Orbigny.  1200  ft. 

“  elegans ,  d’Orbigny.  1200  ft. 

“  marginata ,  d’Orbigny.  51,  405  ft. 

“  pupoides ,  d’Orbigny.  50,  398,  670,  1200  ft. 

“  pyrula ,  d’Orbigny.  1200  ft. 

Cassidulina  crassa ,  d’Orbigny.  1200  ft. 

Cristellaria  articulata,  Reuss.  1200  ft. 

“  cultrata ,  Montfort,  Sp.  70,550,  880  ft. 

“  rotulata ,  Lamarck,  Sp.  49,  547  ft. 


*Geol.  Survey  of  New  Jersey,  Ann.  Rept.,  1S94,  p.  176. 
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Discorbina  turbo  ?  d’Orbigny,  Sp.  1200  ft. 

Globigerma  bulloides ,  d’Orbigny.  670,  1200  ft. 

Nodosaria  soluta ,  Reuss.  1200  ft. 

Nonionina  depressula ,  Walker  &  Jacob,  Sp.  109,  725,  1200  ft. 
pompilioides ,  Fichtel  &  Moll,  Sp.  109-730  ft. 
scapha ,  Fichtel  &  Moll,  Sp.  109,  670,  730,  1200  ft. 
“  umbilicatula ,  Montagu,  Sp.  109,  726  ft. 

Orbulma  universa,  d’Orbigny.  670,  1200  ft. 

Polystomella  arctica ,  Parker  &  Jones.  1200  ft. 

“  crispa ,  Linne,  Sp.  no,  670,  736  ft. 

Pulvuiulina  menardii ,  d’Orbigny,  Sp.  670  ft. 

“  paicpercita ,  Parker  &  Jones.  104,  696  ft. 

Rharbdogo?iiu7n  tricar inatum,  d’Orbigny,  Sp.  1200  ft. 

Rotalia  solda7tii,  d’Orbigny.  1200  ft. 

Spiroplecta  a77ierica77a ,  Ehrenberg.  670  ft. 

“  biforTnis ,  Parker  &  Jones,  Sp.  1200  ft. 

Textularia  agglutmans ,  d’Orbigny.  1200  ft. 

“  graruen,  d’Orbigny.  1200  ft. 

“  sagithela,  Defrance.  53,  361  ft. 

“  trochus ,  d’Orbigny.  45,  366  ft. 

TruTicatulma  lobatula ,  Walker  &  Jacob,  Sp.  1200  ft. 

“  haidingerii ,  d’Orbigny,  Sp.  1200  ft. 

Uvigerma  aTtgulosa ,  Williamson.  1200  ft. 

“  asperula ,  Czjzek.  75,  578  ft. 

“  caTiariensis ,  d’Orbigny.  1200  ft. 

“  pygmcza ,  d’Orbigny.  670,  1200  ft. 

Vagmulina  pateTis ,  Brady.  1200  ft. 

Virgulina  subsquaTnosa ,  Egger.  415,  670  ft. 

Artesian  Well,  Quinton,  New  Jersey. 

ATtoTnaliTia  grosserugosa ,  Gumbel,  Sp.  45-138  ft. 

Bolivma  lunbata ,  Brady.  3-28  ft. 

“  piLTictata ,  d’Orbigny.  3-28  ft. 

Buli?nma  pupoides ,  d’Orbigny.  3-28  ft. 

Cristellaria  rotula ,  Lamarck,  Sp.  45-138  ft. 

Gaudryina  pupoides ,  d’Orbigny.  3-28  ft. 

N oTtioTima  scapha ,  Fichtel  &  Moll,  Sp.  3-28  ft. 

PleurostoTnella  sub?iodosa ,  Reuss.  3-28  ft. 
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Pulvinulina  elegans ,  d’Orbigny,  Sp.  45-138  ft. 

Polymorphina problema ,  d’Orbigny.  45-138  ft. 

Spiroplecta  americana ,  Ehrenberg.  3-28  ft. 

Truncatulina  lobatula ,  Walker  &  Jacob.  Sp.  45-138  ft. 

Artesian  Well,  Wildwood,  New  Jersey. 

Anomalina  ammonoides ,  Reuss,  Sp.  35-40  ft. 

Trochammina  nitada ,  Brady.  35—40  ft. 

Artesian  Well,  Asbury  Park,  New  Jersey. 

Nonionina  scapha ,  Fichtel  &  Moll,  Sp.  35-50  ft. 

Pulvinulina  pauper  ata,  Parker  &  Jones.  35-50  ft. 

Artesian  Well,  Beach  Haven,  New  Jersey. 
Anomalina  grosserugosa,  Gumbel,  Sp.  55  ft. 

Discorbina  bertheloti ,  d’Orbigny,  Sp.  55  ft. 

Nonionina  depressula ,  Walker  &  Jacob,  Sp.  55  ft. 

Artesian  Well,  Heislerville,  New  Jersey. 

Discorbina  bertheloti ,  d’Orbigny,  Sp.  No  depth  given  on 
sample. 

Artesian  Well,  High  Bank  Ldg.,  May’s  Landing,  N.  J. 

Contains  cast  of  Truncatulina ,  Discorbina,  Sponge  Spicules  and 
Diatoms. 

Artesian  Well,  Mobile,  Alabama. 

Bulimina  elegans ,  d’Orbigny.  735  ft. 

“  elegantissima ,  d’Orbigny.  700  ft. 

Discorbina  rosacea ,  d’Orbigny,  Sp.  700-735  ft. 

Moliolina  seminulum ,  Linne,  Sp.  735  ft. 
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PROCEEDINGS. 

« 

Meeting  of  October  ist,  1897. 

The  President,  Dr.  F.  D.  Skeel,  in  the  chair. 

Twelve  persons  present. 

objects  exhibited. 

1.  Spines  and  Ambulacra  of  Sea  Urchin  in  situ. 

2.  Skeleton  of  Sand  Plate. 

3.  Skeleton  of  Sea  Urchin. 

4.  Skeleton  of  Star  Fish,  showing  madreporic  body.  All 
from  Frenchman’s  Bay,  Maine,  and  exhibited  by  F.  W. 
Leggett. 

5.  Fruiting  organs  of  Chara\  by  Thomas  S.  Nedham. 

6.  Cyclosis  in  branchlets  of  the  same:  by  Thomas  S.  Ned¬ 
ham. 


Meeting  of  October  15TH,  1897. 

The  Vice-President,  Mr.  F.  W.  Leggett,  in  the  chair. 

Fourteen  persons  present. 

objects  exhibited. 

1.  Pyrite  in  Muscovite:  by  James  Walker. 

2.  Tourmaline  in  Muscovite:  by  James  Walker. 

3.  Inclusion  in  Muscovite:  by  James  Walker. 

Exhibits  1-3,  from  171st  Street,  Fort  Washington,  New 
York  City. 

4.  Magnetite  in  Muscovite,  from  North  Carolina:  by  James 
Walker. 

5.  Lophopus  crystalinus,  from  Central  Park,  New  York  City: 
by  Stephen  Helm. 

6.  Nitella:  by  Stephen  Helm. 

7.  Cordylophora  lacustris ,  from  the  Morris  and  Essex  Canal, 
N.  J.  :  by  Stephen  Helm. 

8.  Eye  of  Escalop:  by  F.  W.  Leggett. 

9.  Pedicellariae  of  Sea  Urchin:  by  F.  W.  Leggett. 

10.  Young  Sea  Urchin:  by  F.  W.  Leggett. 

11.  Quill  of  Hedgehog:  by  F.  W.  Leggett. 

Mr.  Helm  gave  an  interesting  description  of  the  structure 
and  habits  of  the  Sea  Urchin. 
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Meeting  of  November  5TH,  1897. 

The  President,  Dr.  F.  D.  Skeel,  in  the  chair. 

Fourteen  persons  present. 

Dr.  James  W.  Taylor  was  elected  a  resident  member  of  the 
Society. 

OBJECTS  EXHIBITED. 

1.  Transverse  section  of  “  Cuttle-bone,”  the  “  sepiostaire  ” 
of  Sepia  officinalis,  showing  the  thin  parallel  plates  and  the 
supporting  partitions :  by  J.  L.  Zabriskie. 

2.  Polyzoon:  by  J.  D.  Hyatt. 

3.  Proboscis  of  Blow-fly:  by  George  E.  Ashby. 


Meeting  of  November  19TH,  1897. 

The  President,  Dr.  F.  D.  Skeel,  in  the  chair. 

Twenty-five  persons  present. 

Messrs.  John  Aspinwall  and  Russell  Geer  vvere  elected  resi¬ 
dent  members  of  the  Society. 

OBJECTS  EXHIBITED. 

1.  Fossil  madrepore  Coral,  from  the  South  Devonshire 
Coast,  England:  by  Thomas  S.  Nedham. 

2.  Section  of  Basalt,  polished  and  etched,  containing  grains 
of  native  iron,  from  Disco  Island,  Greenland:  by  James 
Walker. 

3.  Chromite  crystals  on  Serpentine,  from  Toedt  Hill,  Staten 
Island,  N.  Y.  :  by  James  Walker. 

4.  Capillary  Millerite  penetrating  Calcite,  from  Summitville, 
Iowa:  by  George  E.  Ashby. 

5.  Roman  glass,  viewed  by  reflected  light,  showing  cause  of 
iridescence:  by  George  E.  Ashby. 

6.  Seams  of  Opal  in  matrix,  from  Australia:  by  F.  D.  Skeel. 

7.  By  F.  W.  Devoe  for  J.  W.  Drummond,  the  following 
fossils  and  minerals:  Fossil  Star-fish,  Coral,  Crinoids,  Am¬ 
monites  and  a  Trilobite.  Variscite  from  Utah;  two  precious 
Opals;  a  banded  Opal;  Quartz  pebble  with  face  engraved  on 
one  end;  six  crystals  of  Diamond;  Agate  showing  the  forma¬ 
tion  of  the  “eyes”;  three  Chalcedony  Geodes  containing 
water;  a  broken  Geode  showing  interior;  a  vial  of  the  con- 
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tained  water  (the  latter  three  exhibits  from  Uruguay,  S.  A.); 
Native  Gold;  polished  Hematite;  and  a  cup  turned  from 
anthracite  CoM. 


Meeting  of  December  3D,  1897. 

The  President,  Dr.  F.  D.  Skeel,  in  the  chair. 

Twenty-eight  persons  present. 

Mr.  Thomas  Le  Clear  was  elected  a  resident  member  of  the 
Society. 

The  following  Committee  on  Nominations  of  Officers  was 
appointed  by  the  chair:  F.  W.  Devoe,  Charles  F.  Cox,  Walter 
H.  Mead. 

Mr.  J.  D.  Hyatt  addressed  the  Society  on  “Methods  of 
Nature  Study,  illustrated  by  a  study  of  the  Original  Paper 
Maker,  Vespa  maculata .  ”  This  address  was  illustrated  by 
blackboard  drawings,  specimens  of  nests  and  insects,  and  by 
objects  under  microscopes  as  noted  below. 

Objects  exhibited. 

1.  Saws  of  a  Saw-fly:  by  J.  D.  Hyatt. 

2.  Wings  of  Vespa  maculata:  by  J.  D.  Hyatt. 

3.  Sting  of  the  same:  by  J.  D.  Hyatt. 

4.  Commercial  paper,  compared  with  paper  of  the  nest  of 
Vespa  maculata  :  by  J.  D.  Hyatt. 

5.  The  “  Metal  cutting  beetle,”  Zopherus  Mexicanus :  by  F. 
W.  Devoe. 

6.  Pewter  cover  of  jar  cut  by  this  beetle  :  by  F.  W.  Devoe. 

7.  Chips  cut  from  this  cover  by  the  same:  by  F.  W.  Devoe. 

8.  A  closely  related  beetle  used  for  ornament  by  Mexican 
women:  by  F.  W.  Devoe. 

9.  Photograph  of  nest  of  Vespa  crabro ,  showing  ten  succes¬ 
sive  horizontal  “combs,”  taken  from  the  hollow  of  a  living 
oak  tree  near  Jamaica,  Long  Island,  N.  Y.  :  by  Edw.  G.  Love. 

10.  Cases  of  insects  containing  specimens  of  Vespa  crabro , 
larvae,  pupae  and  imagines,  in  illustration  of  the  address  by 
Mr.  Hyatt;  also  many  species  of  beetles  nearly  related  to 
the  “metal  cutting  beetle”  of  the  exhibit  by  Mr,  Devoe:  by 
Edw.  G.  Love. 
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Meeting  of  December  17TH,  1897. 

The  President  Dr.  F.  D.  Skeel  in  the  chair. 

Twenty-eight  persons  present. 

Mr.  Walter  H.  Mead,  of  the  Committee  on  Nominations, 
reported  for  that  committee  the  following  nominations  of 
officers  of  the  Society  for  1898:  For  President,  Dr.  Frank  D. 
Skeel;  Vice-President,  F.  W.  Leggett;  Recording  Secretary, 
George  E.  Ashby;  Treasurer,  James  Walker;  Corresponding 
Secretary,  Rev.  J.  L.  Zabriskie;  Curator,  George  E.  Ashby; 
Librarian,  Ludwig  Riederer;  Auditors,  F.  W.  Devoe,  F.  W. 
Leggett,  Henry  C.  Bennett. 

P.  H.  Dudley,  C.  E.,  Ph.  D.,  read  a  paper,  entitled  “  Mi¬ 
crometers  and  Micrometric  Measurements.”  This  paper  was 
illustrated  by  objects  under  microscopes,  as  noted  below,  and 
is  published  in  this  issue  of  the  Journal,  p.  1, 

Dr.  Herbert  Neher  addressed  the  Society  on  “Developing 
Bone.”  This  address  was  illustrated  by  blackboard  drawings, 
and  objects  under  microscopes,  as  noted  below. 

OBJECTS  EXHIBITED. 

1.  Metal  slide,  indicating  stress  and  compression  of  rail¬ 
road  rails,  under  Zeiss  Vertical  Illuminator:  by  P.  H.  Dudley. 

2.  Metal  slide,  indicating  stress  and  compression  of  rail¬ 
road  rails,  by  reflected  light:  by  P.  H.  Dudley. 

3.  Section  of  human  embryo,  showing  ossifying  vertebrae: 
by  Herbert  Neher. 

4.  Section  through  hand  of  the  same,  showing  metacarpal, 
carpal  and  phalangeal  formation:  by  Herbert  Neher. 

5.  Section  of  hard  bone,  showing  lacunae  and  canaliculi : 
by  Herbert  Neher. 

6.  Section  of  humerus  of  cat,  showing  ossifying  line:  by 
Herbert  Neher. 

7.  Sea-Fan,  Gorgonia ,  dry,  :  by  F.  W.  Leggett. 

8.  Portion  of  the  same  bleached  in  peroxide  of  hydrogen, 
showing  polyps,  balsam:  by  F.  W.  Leggett. 

9.  Spicules  of  the  same,  in  situ ,  balsam  :  by  F.  W.  Leggett. 

10.  Spicules  of  the  same,  separate,  balsam:  by  F.  W. 
Leggett. 
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